Recently, we documented an increased risk for the occurrence of breast-and cartilaginous tumors in the same patient, statistically pointing towards a potential genetic trait. This trait is most probably not associated with mutations in the two major hereditary breast cancer genes since no cases of enchondroma or chondrosarcoma were found in Dutch BRCA1 and BRCA2 families. We were able to collect and review the tumor tissue samples from 34 patients with both breast-and cartilaginous tumors and compared histopathological and immunohistochemical features of these tumors with controls. Breast cancer controls were available from literature data generated to compare familial breast cancers with nonselected cases. Clinical markers for chondrosarcoma controls were collected from the Netherlands Committee of Bone Tumors. Immunohistochemical data on chondro-tumor controls were available from our own files. Breast tumors of patients with cartilaginous sarcomas showed a significantly higher mitotic count (P ¼ 0.001), contained less lymphocyte infiltrate (P ¼ 0.025) and less nuclear pleomorphism. Remarkably, all cartilaginous tumors are of one common histological category originating centrally (P ¼ 0.014). Estrogen receptor and p53 expression were significantly higher (Po0.001) in breast cancer associated with chondro-tumors. p21 staining was more often negative in chondro-tumors associated with breast cancer. In seven cases of breast cancer, we found a slight decrease in CHEK2 expression. However, we could not identify the CHEK2 1100delC mutation in these cases nor in cases with normal CHEK2 expression. Hierarchical cluster analysis of all parameters within chondro-tumorassociated breast cancer specimens revealed two different subgroups, the largest one associated with estrogen receptor-positive breast cancer, which may distinguish sporadic cases from those belonging to the potential genetic trait. These distinct phenotypic findings support the existence of a new hitherto unrecognized syndrome, characterized by an increased risk to develop both breast cancer and centrally originating cartilaginous tumors.
Recently, we have shown a strong association between the occurrence of cartilaginous tumors and breast cancer in the same patient, using a nation-wide case-control study. 1 Compared with a group of patients developing lung and breast cancer, this study revealed an odds ratio of 7.62 for a potential association of breast and cartilaginous tumors. This finding is pointing strongly towards a genetic trait, which is furthermore corroborated by the age of onset in patients with breast cancer as their first tumor, that is, about 10 years earlier than breast cancer in the general population.
In general, 5% of breast cancers are hereditary and a subset of these has been shown to be attributable to germline mutations in BRCA1 and BRCA2. Tumors in BRCA1 and BRCA2 families have characteristic phenotypes. Especially BRCA1 germline mutated tumors show striking histological features, for example, the noninfiltrative pushing borders phenomenon, and a characteristic immunohistochemical phenotype. 2, 3 Furthermore, cDNA microarray analysis identified specific gene expression profiles for BRCA1 and BRCA2-associated tumors. 4, 5 Chondrosarcomas are rare malignant cartilageforming tumors occurring principally in adults in the third to sixth decade. These tumors arise centrally in bone (primary or central chondrosarcoma, 75% of all cases), or within the cartilaginous cap of a formerly benign osteochondroma (secondary or peripheral chondrosarcoma, 15% of all cases). [6] [7] [8] [9] Recent data have shown that both subtypes are likely to originate due to different genetic mechanisms. [10] [11] [12] Secondary chondrosarcomas often have near-haploidy in low-grade and polyploidization in high-grade peripheral tumors. In contrast, central chondrosarcomas show few genetic aberrations. 10 Malignant transformation is low in solitary osteochondromas (o1%) but is estimated to occur in 1-5% of cases of multiple osteochondromas (MO), a familial disorder with an autosomal dominant mode of inheritance. 13, 14 Two genes involved in heparansulfate proteoglycan synthesis, EXT1 and EXT2 have been shown to be mutated in MO patients. 15 The majority of primary or central chondrosarcomas are considered to originate de novo, while a small number arises secondarily from an enchondroma. Enchondromas are benign cartilage-forming tumors arising solitary and multiple as in Ollier's disease and Maffucci's syndrome. So far, no hereditary forms of primary chondrosarcoma have been described.
To characterize this possible breast-cartilaginous cancer trait, we did a survey into the phenotypic characteristics of both chondro-and breast tumors of patients with both tumor types and compared them with their sporadic counterparts. First, we examined the histological characteristics of these tumors to identify a putative specific histological subtype or any other histological features predominating within these breast-and cartilaginous tumors. In addition, we performed immunohistochemical staining on these tumor specimens. The identification of a possible specific protein expression profile and pronounced histological features would further corroborate the existence of a genetic trait, could provide a tool to distinguish sporadic cases from those associated with this genetic trait and would also provide us with more insight into the mechanisms contributing to this putative cancer syndrome.
Material and methods

Patient Data
Through the Pathological Anatomy National Automated Archive (PALGA), we obtained data from all 61 patients in the Netherlands who developed both breast cancer and enchondroma/chondrosarcoma between 1973 and 1996. PALGA approached pathology departments in the Netherlands to supply us with formalin-fixed, paraffin-embedded tumor specimens and clinical data of these patients, without revealing the names of the patients, compliant with Dutch regulations on protection of privacy. As a result of the anonymized procedure to collect the patients we had no data on ethnic origin of this group. We did obtain the age of onset of both breast cancer and chondro-tumor.
Control groups for Histology and Immunohistochemistry
To compare breast cancer specimens associated with cartilaginous tumors, control groups were obtained from the literature both for histology (referred to as control group 1, n ¼ 1463) 3 and for immunohistochemistry (control group 2, n ¼ 204). 16 Exact data on age of onset of these controls was not available, but these controls were collected for a study on hereditary breast cancer and involve patients with a relatively early age of onset, like in our patient group. One of the pathologists (MvdV), who was involved in these studies was also responsible for the examination of the breast tumors described in the study described here. No appropriate controls with a similar scoring system are available for p16 and p21 immunohistochemical staining.
The histological subtypes within the cartilaginous tumors were compared with 20 542 cases of bone cancer obtained from the literature (control group 3). 17 Grading and tumor localization were compared with histological data from 200 women from the files of the Netherlands Committee on Bone Tumors, all diagnosed with primary cartilaginous sarcomas or enchondromas in the same time frame (control group 4). P21 and P16 immunohistochemical data for nonselected sporadic cartilaginous tumors were generated on 66 primary chondrosarcomas and 43 enchondromas obtained from the Leiden University Medical Center (control group 5) (manuscripts in preparation). For p53 immunohistochemical staining controls were only available for chondrosarcomas (control group 6), not for enchondromas. 18 
Histology
The breast cancer tissue samples were classified and histologically characterized according to the WHO criteria. 19 An expert breast pathologist (MvdV) assessed type of invasive cancer, histological grade, presence of a component of carcinoma in situ and the presence of lymphocyte infiltrate. Age of the patient at time of breast cancer diagnosis was available from PALGA.
Histological grading and classification of the cartilaginous tumors was performed according to Evans et al 8, 9, 20 by an expert pathologist on bone tumors (PCWH). The cartilaginous tumors were analyzed with emphasis on the central vs peripheral localization in the skeleton. Localization of the cartilaginous tumor and age of the patient at the time of diagnosis of these tumors were also verified.
Immunohistochemistry
Monoclonal antibodies used in this study and manufacturers are listed in Table 1 . Immunohistochemistry was performed as described 21 with a few adjustments. After dewaxing, endogenous peroxidase was blocked with 0.3% hydrogen peroxide in 100% methanol for 20 min. Antigen retrieval was performed for 10 min in a boiling solution of 0.01 M Citrate buffer pH ¼ 6 for all antibodies except for Her2, followed by an overnight incubation with the primary antibodies. Binding of the antibodies was detected with biotinylated rabbit-anti-mouse Ig or biotinylated swine-anti-rabbit Ig (for the progesterone receptor) followed by a biotinylated peroxidase streptavidin complex (DAKO, Glostrup, Denmark). For visualization of peroxidase bound antibody diaminobenzidine (DAB) was used as chromogen. For all assays, selected tissue samples were used as positive control. Corresponding species and isotypespecific IgGs were used as negative controls. All incubations were performed at room temperature and all washings in between were done with PBS. Immunohistochemical results were scored using a semiquantitative method as described previously. Table 2 lists the four different scoring systems used in this study, which were applied to make our data comparable with those from the control series. Therefore, sometimes different scoring systems were used for the same antibody in breast and chondrotumor samples, for example for p53 (Table 1) .
CHEK 2 1100delC Mutation Screening
The 1100delC variant in CHEK2 was analyzed on genomic DNA extracted from paraffin-embedded formalin-fixed breast tumor tissue, using a Wizard genomic DNA purification kit (Promega, The Netherlands). The fragment containing the possible variant was PCR amplified in two rounds to avoid amplification of pseudogenes according to a protocol described in Oldenburg et al (in press) with some modifications. The first round of PCR used primer WI-3F, labeled with FAM (5 0 -TGT CTT CTT GGA CTG GCA GA-3 0 ) and CHK2 10R (5 0 -ATC ACC TCC TAC CAG TCT GTG-3 0 ) with Amplitaq Gold (Roche) at 33 cycles and 651C annealing followed by a second round on 1 ml first-round PCR product using the same forward primer, WI-3F and WI-3R (5 0 -GTT TGT TCT CCC AAA ATC TTG GAG TGC-3 0 ) at 33 cycles and 591C annealing. WI-3R contains an additional nontemplated 5 0 hexamer to avoid stutter bands. A volume of 1 ml PCR reaction was mixed with formamide and size marker and run on an ABI 310 automated sequencer (Applied Biosystems). A breast cancer DNA with a known 1100delC mutation was used as a positive control. The heterozygous 
Breast cancer and chondrosarcoma in the same patient A-M Cleton-Jansen et al 1100delC mutation is detected as an additional peak one basepair smaller than the wildtype peak.
Statistical Analysis
Statistical analysis was performed using SPSS software. Comparison of the breast-and cartilaginous tumor specimens associated with this syndrome and controls, of both histology and immunohistochemistry, were calculated using the w 2 test. P-values of 0.05 or less were interpreted as significant. Because the immunohistochemical stainings for control population of breast cancer patients were not performed in the same laboratory as for our patient series comparisons were limited to two categories with thresholds between positive and negative staining indicated in Table 1 . In addition, a Bonferroni correction was done on the P-values to adjust for the number of parameters tested. For this analysis, we used the program on the simple interactive statistical analysis (SISA) website, which calculates the adjusted P-value using the number of tests and the correlation between the parameters tested for.
To examine if these syndrome-associated tumors display a characteristic phenotypic profile, we did a hierarchical cluster analysis with all parameters of both histology and immunohistochemistry using the software programs Cluster and TreeView. 23 For this analysis, we used the different classes of staining intensity and percentage of stained tumor cells. This was done for the combination of both tumors and for each tumor separately. Using the cluster program the data for each histological parameter or immunohistochemical scoring were normalized, mean centered and average linking clustering was applied. For similarity metrics uncentered correlation was used. For all antibodies, except Her2 in breast cancers and p21 in cartilaginous tumors, staining intensity and percentage-positive cells were analyzed separately.
Results
No Association between Breast Cancer and Osteochondroma
Our initial search for the association between breastand cartilaginous tumors was aimed at the identification of those cartilaginous lesions that are detected by radiographic screening for metastases, thereby excluding osteochondromas, which are usually not detected by radiological screening procedures. In this study, we have assessed whether the cartilaginous tumors that belong to this putative syndrome are of a particular histological subset, and therefore we had to determine whether there is also an increased risk for osteochondromas. Like in our previous study, which identified an increased relative risk to develop a chondro-tumor in patients with breast cancer and vice versa, 1 we compared the occurrence of two tumors, breast cancer and osteochondroma, with the occurrence of both lung cancer and osteochondroma in the same patients. Between 1973 and 1998, the same time-window that was used for assessing the odds ratio for an association between breast cancer and chondrosarcoma/enchondroma, there were 132 636 cases of breast cancer and 16 559 cases of lung cancer. In 28 women, both breast cancer and osteochondroma developed, whereas in lung cancer patients osteochondroma was reported 10 times. The odds ratio for the potential association of breast cancer and osteochondroma was 0.35 calculated as described previously 1 indicating that there is no statistically significant association for the concurrent development of breast cancer and osteochondroma. Furthermore, there is no record of an excess of breast cancer in MO families.
BRCA1 and BRCA2 are not Responsible for this Syndrome
To examine the possibility that these cartilaginous tumors are caused due to germline mutations in the BRCA1 and BRCA2 genes, we searched 41 BRCA1 and 12 BRCA2 families, with a proven inactivating mutation in one of these genes, from the files of the Foundation for Detection of Hereditary Tumors (http://www.nfdht. nl/STOET/) for cases with enchondroma and chondrosarcoma, both in the same patients as within the pedigree. However, no case of enchondroma or chondrosarcoma was found, implicating that the association between breast and cartilaginous tumors is not caused by germline mutations in BRCA1 and BRCA2 genes.
Collection of Tumor Tissues
Through PALGA, tumor tissue blocks from 61 patients with both breast cancer and a chondrosarcoma or enchondroma were requested. From five patients we did not receive any material. All received tumor specimens were reviewed histopathologically. Upon histological review, nine patients were excluded because a different diagnosis was determined for their presumed chondrosarcoma or enchondroma: myxoid chondrosarcoma (n ¼ 1), synovial chondromatose (n ¼ 1), subungual exostoses (n ¼ 2), osteochondroma (n ¼ 1), fibrochondroma (n ¼ 1) and chondromas of the skin (n ¼ 1), the vocal cord (n ¼ 1) and the tendon sheath (n ¼ 1).
From eight patients, we only received cartilaginous tumor specimens and from five patients, we only received breast cancer specimens. These 13 patients were also excluded since the diagnosis of the matching tumor could not be verified histologically. For 34 patients, both breast-and cartilaginous tumor specimens were included in this study. To our knowledge these patients are not related, but we cannot exclude this since patient samples were anonymized.
Histological Examination
The distributions of histological characteristics of our breast cancer specimens and the control group are listed in Table 3 . The data on the breast carcinomas in the control group were derived from the literature from a study to compare hereditary and sporadic breast cancer. 16 Breast tumors within our series showed a significantly higher mitotic index (P ¼ 0.001) when compared with the control group. Lymphocyte infiltrate and nuclear pleomorphism was less (respectively P ¼ 0.025 and 0.013) but after Bonferroni correction this was not significant anymore, because upon application of this correction the P-value should be smaller than 0.002. Other parameters, that is, tumor subtype, histological grade and presence of a component of carcinoma in situ were not significantly different. Table 4 lists the comparison of histological features of the cartilaginous tumors in our series and of sporadic cases. All chondrosarcomas are of one common histological subtype being centrally localized whereas no chondrosarcomas secondary to osteochondroma with a peripheral localization were registered. This was compared with the distribution of enchondroma, primary and secondary chondrosarcoma reported 17 showing a significant over-representation of central chondrosarcoma (P ¼ 0.014). After Bonferroni correction this is not significant, but the complete absence of secondary Breast cancer and chondrosarcoma in the same patient A-M Cleton-Jansen et al peripheral chondrosarcomas is quite suggestive that this putative syndrome is specific for chondrosarcomas with a central localization. This confirms the lack of association between breast cancer and osteochondroma, the precursor of secondary chondrosarcoma. Other properties, that is, histological grade and location in the body, were not significantly different when compared with a control group of 200 women registered for chondrosarcoma or enchondroma in the files of the Netherlands Committee on Bone tumors (Table 4) .
Immunohistochemistry Table 5 summarizes the distributions of immunohistochemical features in breast cancer associated with cartilaginous tumors compared with nonselected controls from the literature. In order to identify any possible discerning feature, we compared staining intensity and number of cells stained separately for each antibody. However, because the controls were not obtained from the same laboratory we reduced the number of scoring categories to two, that is, negative and positive staining or high and low percentage of cells stained. There was a highly significant difference between estrogen receptor (ER) staining intensity in these breast cancers and controls (Po0.001), which survives Bonferroni correction. In all, 69% of the breast cancers show moderate-to-strong ER intensity compared with 32% in controls. We also observed significant differences in the distribution of p53, both in terms of intensity and percentage of cells stained. In control tumor samples, 49% of cells show more than 1% positive cells staining for p53, compared with 91% of cells in associated breast cancer. Both p53 intensity and percentage of p53-positive cells are still significantly different after Bonferroni correction.
Her2 and E-cadherin protein expression did not differ with the controls. There were no suitable control groups available for P16 and P21 immunohistochemistry. Nuclear expression of the P16 protein was observed in 62% of tumors. Remarkably, we also observed cytoplasmic staining with the p16 antibody in 77% of the cases. In order to assess that this was not an artifact of the antibody a different antibody directed against p16 was used (16P04, also from Neomarkers), and this gave identical results. Only a minority of 6% showed negative staining for p21, which is concordant with previously reported results on nonselected breast tumors. 24 The distribution of immunohistochemical staining in the cartilaginous tumors is summarized in Table 6 . p53 staining was absent in the majority of the cases and mainly observed in chondrosarcomas and not in enchondromas as reported previously. Breast cancer and chondrosarcoma in the same patient A-M Cleton-Jansen et al respectively, in both chondrosarcomas and enchondromas. There was no significant difference in p16 expression when compared with controls (Van Beerendonk, manuscript in preparation). However, the absence of p21 staining is higher than in the control group, 33 vs 6% in nonselected cartilaginous tumors, a difference with a significant P-value of 0.001.
CHEK2 is not Involved in Tumors of this Putative Trait
Because a rare genetic variant (1100delC) of the CHEK2 gene has recently been implicated in hereditary and sporadic breast cancer, 26 we analyzed the breast tumors of our series for the occurrence of this variant. From the 34 breast cancers 24 cases yielded DNA of such quality that it was suitable for genetic analysis. However, none of these cases contained the 1100delC mutation, whereas the control sample showed a clear separate peak representing the variant.
CHEK2 protein expression was detected immunohistochemically and seven samples showed a somewhat decreased staining when compared with normal breast epithelial cells in the same section.
Cluster Analysis
Within the group of patients with an association between the occurrence of breast-and cartilaginous cancer there is expected to be a subset where cooccurrence is a coincidence. In an attempt to identify those 'sporadic cases', we performed an exploratory investigation using hierarchical cluster analysis on all clinical and immunohistochemical data collected on these patients. For this application, we used the data scored using the scoring system in Table 2 , with more different scoring classes than used for comparing with controls, to identify possible subtle differences between tumors. A freeware computer program, originally developed to analyze complex cDNA microarray data, designated Cluster was used. 23 The results of the hierarchical clustering are visualized using the associated program TreeView and shown in Figure  1 . The breast tumors (Figure 1a ) grouped in to two separate clusters. The largest group mainly consists of ER-and PR-positive and p53-negative breast cancer cases. Histological criteria are less informative. Chondrosarcomas and enchondromas ( Figure  1b) show less pronounced clusters, probably because there are less data available. The cluster analysis for all data on both tumors in the same patient resembled the breast cancer clustering (Figure 1c) .
Discussion
This study describes the phenotypic characterization of 34 patients with both a breast-and a cartilaginous tumor. One of the patients was male. Breast cancer in males is quite exceptional and occurs often in families with a germline mutation in BRCA2. 27 However, we could not find any patient with a cartilaginous tumor in families with BRCA2 mutations, nor in BRCA1 pedigrees. If the presumed genetic trait that confers a risk for both breast and cartilaginous tumors is indeed caused by a particular germline mutation, BRCA1 or 2 are not likely as candidate genes. To our knowledge chondrosarcoma is not part of the tumor spectrum of Li-Fraumeni or Li-Fraumenilike syndromes. In the Netherlands, only about 10 families are known to be affected by this trait and these cannot account for the 60 cases found by our association study. Moreover, in these families no chondrosarcomas are recorded to be present.
Another gene implicated in increased breast cancer risk is CHEK2, a cell-cycle checkpoint kinase that plays a role in DNA repair processes involving BRCA1 and p53. A specific variant (1100delC) that results in a truncated protein was found to occur at higher frequencies in patients with sporadic or familiar breast cancer. However, we did not find this variant in 25 patients with both breast and cartilaginous tumors tested, nor did we find loss of protein expression, which is often accompanying the 1100delC mutation. 28 Other pathogenic variants of CHEK2 have not been identified in breast cancer. 29 Apparently, loss of CHEK2 function does not play a role in this putative tumor syndrome.
In order to identify typical phenotypic characteristics of the tumors of these patients a histological and immunohistochemical survey was performed on 34 patients from which both cartilaginous-and breast tumor specimens were available. The breast cancer controls that were used in this study resulted from a multicenter pathological survey in which the same pathologist that examined the sections in our study was involved (MvdV), thereby ensuring uniformity of the scoring procedure. Also the immunohistochemical data for the cartilaginous tumors were examined uniformly and unlike the breast tumors generated in the same laboratory. For the breast tumors, the staining procedures may not be uniform and therefore, when comparing these data with controls a rough stratification was used, scoring tumors either as negative or positive for a particular antigen.
In comparison with the sporadic cases of breast cancer, this study shows a distinct histology and protein expression profile in cartilaginous tumorassociated breast cancer and therefore supports the existence of a new hitherto unrecognized hereditary trait.
The histological review of the breast cancer specimen displayed a higher mitotic count, reflecting an increased proliferation activity in cartilaginous tumor-associated breast cancer. Furthermore, we noted a trend towards less lymphocyte invasion and nuclear pleomorphism in these breast cancers. In our previous report, we already showed that the age of onset for breast cancer is 10 years earlier than in nonselected patients. 1 Lakhani et al 16 studied the morphological characteristics of familial breast tumors not attributable to BRCA1 and BRCA2. They presented these tumors as being of overall lower grade. 16 However, the distribution of histological grade in the breast cancers in our series does not differ from the control group. Some reports have suggested that invasive lobular carcinoma and lobular carcinoma in situ is associated with a higher familial risk than other invasive or in situ subtypes. 30, 31 However, the lobular subtype is under-represented in BRCA1-and BRCA2-associated breast cancer. Also in our study, we do not find an increased frequency of invasive lobular breast carcinomas or lobular carcinoma in situ.
Immunohistochemical analysis of these breast cancer specimens showed significantly higher intensity of the estrogen receptor (ER) staining, however, no higher number of ER-positive cells. Because these tumors show high expression of ER, they may be more susceptible for estrogen-antagonist therapy. Interestingly, estrogen metabolism also plays a role in cartilage, since it initiates the pubertal growth spurt, causes closing of the growth plate and augments bone accrual during puberty. 32 Unfortunately, the antibody used for ER in breast cancer failed to stain sections of cartilaginous tissue, probably due to the excess of extracellular matrix.
Aberrant staining of p16 in the cytoplasm has been described previously and was shown to be associated with a more malignant phenotype, 33 but only in a small subset of 9% of the cases. The p16-positive breast cancer cases described here showed markedly more cytoplasmic staining in 77% (n ¼ 24). Because cytoplasmic p16 staining was not recorded for the control series used, we could not calculate whether this difference was significant.
We also observed a distinct histological feature within breast cancer-associated cartilaginous tumors, which all originated centrally in the bone. This finding is remarkable because within the general population 15% of all chondrosarcomas are peripherally localized, suggesting a specific genetic mechanism in the development of these breast cancer-associated cartilaginous tumors. This hypothesis is corroborated by Bovee et al, 11 who described that different genetic mechanisms are operational in central and peripheral chondrosarcomas. No correlation could be made with histological grade, because of the relatively small numbers of mostly low-grade chondrosarcomas. The benign cartilaginous lesions (n ¼ 18) are all enchondromas, which are considered as precursor for central, but not for peripheral chondrosarcomas. We have shown here that osteochondromas, the precursor of peripheral chondrosarcoma are not associated with a higher incidence of breast cancer in the same patient, thereby providing additional evidence that this presumed genetic trait is characterized by central chondrosarcoma and its potential precursor only.
p21 staining was negative in more cases than in the control series of cartilaginous tumors. This may be a distinguishing property of breast cancerassociated cartilaginous tumors. Remarkably, all but one patient with p21-negative cartilaginous tumors have ER-positive breast cancers, which are from the patient group suspected to belong to the putative genetic trait. p21 expression is regulated by p53 and none of the 6 p53-positive cartilaginous tumors show p21 expression, suggesting that these cases have a nonfunctional p53 protein. Indeed, p53 inactivating mutations have been reported to occur in chondrosarcoma. 34 The normal lifetime risk for a woman to develop breast cancer is one in 12 in Europe and therefore it is likely that our series is also containing patients who have both tumors by chance. In order to further elucidate the genetics of this trait it is important to identify those patients. The cluster analysis performed on all data indeed identifies two different clusters; however, the patients are not clustering according to all significantly different features. Therefore, it cannot be concluded that this cluster analysis provides a means to distinguish sporadic cases from patients that belong to this genetic trait. The smallest cluster on the left in Figure 1a and c contains ER-and PR-negative tumors often with p53 overexpression, a DCIS component and of high histological grade. The largest cluster on the right in Figure 1a and c contains ER-positive, and mostly p53-negative breast tumors. According to the casecontrol comparisons of our study a positive ER is prevalent in breast cancers of patients with cartilaginous cancer, thereby suggesting that the largest cluster contains patients who may belong to the putative genetic trait. The only male breast cancer patient in the series clustered within this cluster. Also p53 overexpression was significantly higher when compared with controls but p53-positive breast cancers are primarily in the other cluster. However, the distribution of p53-positive cancers is less clearcut. The other markers in the associated breast tumors that were different when compared to controls that is, the higher mitotic index, the lower incidence of lymphocyte and nuclear pleomorphism infiltrate did not cluster with the ER-positive patients. The latter two parameters were not significant after Bonferroni correction.
In summary, we have investigated the phenotypic characteristics of breast and cartilaginous tumors occurring in the same patients and identified features that are indeed indicative of a specific trait. A positive ER and early age of onset characterizes breast tumors whereas central origin and loss of p21 protein is typical for the cartilaginous tumors that are associated. At the moment, no pedigrees are available where both tumor types cluster in different members. This suggests that the genetic defect underlying this trait is not a single gene, but involves several separate alleles that when shared in an individual result in this phenotype.
